Spinal anesthesia offers to the operating surgeon the stimulus of a highly technical method directly under his control. He may assume the personal responsibility for the cess and safety of the analgesta and tn a large measure control its location, duration and degree. If during the operatl.on, the onus cannot be thrust upcn the assistant; the blame rests upon the operator. Or should the surgeon prefer, the injection may be given and the patient's condition supervised by a specially trained anesthetist.
With properly induced spinal anesthesia the operator finds the patient in ideal condition for the operation.
There is complete freedom from pain or other sensation in the operative field; the tissues are absolutely relaxed, greatly facilitating operative manipulation; the intestines are con- If a well performr-)d opera tien brings a sensation of sa ti sfac tion, how mueD gY-ea tel' the achiev~m:en t if' it has been accompli.shed wi th comfort and relative safety te the patient and 1Ni th the u tmos t facili ty to the opera tor. But spinal anesthesia has compensating disadvantages. It requires an accurate and precise technique fer uniform results. A lack of skill in the adminis tra tion is· more obvious th8.n ',vi 1::;11 t:;I1e use of ether; ignorance in using the method or lack of supervision during the period of analgesia rr'lBY cost the patient his life. A death under chloroform or nitrou.s oxide often may be blamed upon the drug, but th(~ mortal::t ty \pri th spInal ~U1eR l~h8sia usually is to bG blamed upon the surgeon. Spinal anesthes:tabheY'Afore necessitates a degree of skill and a working knowledge of the physiologi c ac tion (\f' thp. In.;.? thod.
It is a very personal method strongly appealing to the tempp.rarnents of many operators, but equally unadapted to others.
It has a very wide .field of 1J.s"dulness and has supreme ad- PHENOMENA ACCOMPANYING SPINAL ANESTHESIA: (3)(4) (5) Spinal anesthesia is that form of local anesthesia with which certain areas of the body can be anesthetised by placing the anesthetising drug in direct contact with the nerve roots whose fibres supply those areas. "When the anesthetic is introduced into the subarachnoid space it is being placed into the spinal fluid which bathes exposed nerve roots, whose histological structures are slightly different from the peripheral nerve fibres in that, within the spinal canal the nerve roots are not covered by the epineurium or connective-tissue nerve sheath present in all extradu.ral nerves. Consequently, the anes the tic is ins tantaneously attracted and rapidly combines with these nerve roots much as a blotter absorbs ink, with resultant instan-taneous anesthesia of the region supplied by them. The grey substance of the spinal cord is not affected by the drug because of its protective white sheath and because of the greater affinity of the drug for the exposed nerve roots, especially the sensory nerve roots. The anterior or motor roots receive less of the drug for two reasons: first, because they are less suseptible from the physico-chemical standpoint, and secondly, they receive a less concentrated solution of the injection and/\partially separated from 1 t by . j the interarachnoid trabeculas. This then explains why we may have complete anesthesia of the lower limbs of the patient, yet he is able to move his legs ll • The calculated dose of the drug is given in the beginning and then cannot be changed.
If the anesthesia is incomplete it cannot be increased except by repeating the injection, if an overdose is given it will exert its toxic effect until eliminated.
"Experimfuts with dyes have led to the conclusion that the drug will penetrate only the outer membrane of the cord rtWhen the drug is placed in contact with a nerve root it will either completely or partially block the fibres of that root. Some fibres are more resistant to the drug than others and require, therefore, greater concentrations of the drug to block them. They are blocked in the following order:
a) The fibres whi.ch carry pain and temperature sensations from the skin and viscera. These, besides being very poorly localised, have a low sensibility threshold which requires strong stimuli. b) Those fibres which discriminate touch and temperature, whi.ch arise from the skin and are sensitive to weak stimuli.
c) The fibres which carry impulses of pressure or movement fI'om muscles, tendons and joints.
d) The fibres which carry impulses to the skeletal muscles.
e) The sympathetic nerve fibres, which receive stimuli from the viscera and send out, among others, impulses which regulate the vasomotor system".
Wi th spinal anesthesia, "therefore, the loss of the sense of pain is the most complete and lasting. These fibres have the widest areas of distribution. Nerve fibres causing vasodilatation are the least completely and permanently effected.
These have the smallest areas of distribution. To summarize, we may say that with spinal anesthesia there is first loss of the sense of pain, then tactile sense, then motor sense, then of muscle power and finally of vasomotor control. As the depressant action of the drug wears off conduction through the nerve fibres gradually returns to normal and these lost functions return in the reverse order.
THE NERVOUS CONTROL OF THE BLOOD VESSELS: rtlfin the human being vasomotor paralysis is confined to the lower part of the body, the displacement of the blood into the periphery causes a demonstrable decrease in the blood pressurs, which, according to eXDerience, however, is not fatal. with the origin of the first dorsal nerve, or higher, a wide area is effected and the blood pressure sinks considerably.
In the dog it may fall from 120 mm. Eg. to 40 or 50 IDm .• Hg.
The heart af'ter the section beats more rapidly than before, so that the fall of pres surf> must be ascribed to a change effecting the blood vessels and lowering the resistance to the flow of blood. Since a maximal effect of the blood pressure is produced by section of the cord at this level, one may conclude that the tonic constrictor impulses to all the vessels of the body pass through this segment of the cord before leaving it to be distributed to the arterial walls.
tlThe source of these impulses may be made out by studying the effect of SeCtilunS through different levels of the nervous system. Division of the cord at, ox' below, the second It:l"TIbar nerVF causes no effect of t.he blood prpssure. Gn n:ak- The problem, however, is probably best handled by the opera tor working fir'om hi s own experience and keeping in mind the physiological considerations of the region j.nvolved.
Vaso-motor collapse is best recognised by "sudden fall But by the use of a sol'ution of starch paste, we were enabled to prevent dissemination for forty minutes. This solution, even in sealed ampoules, could only be used when fresh. It would ferment, precipitate, and become unstable within six to eight weeks. Later we discovered that gliadin (the mucilaginous content of wheat starch) was the substance that really produced the viscid properties desired. This is relatively insoluble, bej.ng soluble only in certain alcoholic solutions. If the alcoholic content is increased or diminished it will precipitate out of the solution in crystalline masses. From gliadin we were able to produce a jelly-like gelatinous substance that we chose to call amyloprolamin, which was stable, soluble, prevented dissemination for over two hours, or until the anes-trletic drug was scent.
"To further check the action of the solution wi thin the subarachnoid space and to determine whether a definite and fixed volume could be maintained throughout the duration of the anesthesia, to prove that dissemination would not occur in a cephalic direction, we colored the solution with methylene blue and tapped human spines from twenty minutes to one hour after the original injection. We obtained no colored solution from the sixth or seventh thoracic interspace. Its action was further checked by addjng stains to the solution,
injecting it into the dural sac of dogs, and noting the stained regions of the dord and arachnoid in necropAY specimens."
"To enable us to carry out our technique with as few manipulations as possible, and to place at our disposal solutions that could be controlled within the subarachnoid space, we devised the ephedrine-novocain soLition, and the light and heavy spinocain. n The latter two refere to a comparison of the specific gravity of the spinocain with that of spinal fluid. (22) Spinocain has been found by many to be very useful but its complexity detracts fx"om i.ts adaptability in the hands of a novice. By far the greater majority of operators prefer a simpler drug. Of these we find novocain to b~ the one most "Procain is not irri tating even in strong solution, its.
only marked topical action being paralYRis of nerve tissue.
Its effect is exerted on the sensory structures in smaller dcse than on the motor. The blood vessels are usually slightly It is injected in the subarachnoid space, in the case of total respiratory failure, before any attempt is made to res tore breathing by artificial respiration." (24) More 1fJill be said later in connection wi th synergistic drugs to be used with procain and its derivitives. IlThe pharmacological action of pantocain bas been studied from the following three points of view, namely, its toxicity, its optimal dose, and the duration of the effect of the drug. When used intravenously it requires at least six times the intraspinal dose to produce the lethal effect.
The duration of the effect of the drug lasts about 2 to 3 times as long as procain. In comparison with nupercain it is just as effective dose for dose but enjoys the position of betng 3 to 4 times less toxic.
I t has so far b(~en found to be no more toxj_ c than proc' in, and some observers have found.
it to produce a smaller average drop in blood pressure." (25) The following are a few drugs which have in the past beE;ln tried but fer reasons such as those listed below have gained disrepute and been discarded.
STOVAINE: Stovaine at one time in the history of spinal anes theti cs was qui te popular. I twas f'ound to be too irri ta ting when plac~d into the tissues and cases of meningitis have been reported f'rom its use. It decomposes by boiling and thus
SUbjects the patient to rather toxic eff'ects.
APOSTHgSINE: This drug was also popular at about the same tIme as was s tovaine. I t 'was found to have no property of selection of nerve tissue, and was of'ten severely toxic.
It~ action is slew and elimjnaticn also slow and often causessome pain in injection Bspecially if injected fast.
TROPACOCAINE: Tropacocaine was found also to be somewhat irritating when placed in the tissues. It is very effective and absorption is rapid. Absorption is so rapid as to be one of' the drawbacks for its use, producing a toxic reaction in the form of central excitement and convulsions f'ollowed by rather wide spread paralysis of'ten fatal due to respiratory and vasomotor paralysis. is observed a less striking rise, and sometimes the blood pressure even falls after small doses. By repeated intravenous injestions of the same dose of 1 or more mg. per kile, the first one is most effective in raising and sustaining the blood pressure. Subsequent injections become more and more ineffective not only in duration but also in the degree of pressure elevation.
"The rise in blood pressure produced by ephedrine is due to simultaneous vasoconstriction and cardiac stimulation, produced by stimulation of the corresponding sympathetic fibres.
"The action of ephedrine on the mamalian heart in situ is es~entially similar to that of stimulation of the accelerator nerve--an increase in rate and amplitude of contractions. If the vagi are intact, the heart may be slowed reflexly as pressure rises, though amplitude of contraction is increased.
After section of the vagi, or after atropine, ephedrine always accelerates the heart rate. It was found that ephedri.ne stimulates the stellate ganglions as well as the sympathetic endings or myoneural junctions in the heart, an action that is apparently not shared by the closely related amines epinephrine and tyramine, wrd c11 s tinlUla te only the endings or myoneural junction.
flFurther proof of the myoneural property of ephedrine is demonstrated in its action on the denervated ciliary muscle, on the bronchial muscle after treatment with physostigmine, and upon isolated intestine.
"Secretion, including the maxillary, gastric and lymph, are accelerated to a small extent in intravenous injections of ephedrine. tt (30) (31) 
